Objective: To evaluate the value of Exercise treadmill test (ETT) in the diagnosis of coronary artery disease (CAD). Methods: Here we reviewed 142 (men, 104, mean age, 52.7±8.6) consecutive patients admitted to the 4th Clinical Hospital of Harbin Medical University for suspicion of CAD and they underwent ETT before coronary angiography (CAG). Patients were divided into four groups to see the sensitivity of different ETT criteria: group I: ETT negative, group II: ETT positive (ST-segment depression ≥0.1mv for more than 2 minutes), group III: ETT positive (exercise induced chest pain), group IV: ETT positive (exercise induced chest pain and ST-segment depression). The severity of coronary artery stenosis was assessed by CAG, only those with >50% of narrowing in at least one of the three major arteries or their first-order branches was considered CAG positive. Results: The false negative rate was 30.6% and the accuracy rate was 69.4% in group I. In group II, III and IV, the accuracy rates and false positive rates were 53.7% and 46.3%, 78.6% and 21.4%, 86.7% and 13.3%, respectively, (p<0.05). Furthermore, we analyzed the data of male patients in each group and the accuracy rates were 67.9%, 60.7%, 76.9%, 100%, respectively, (p<0.05). Multivariate logistic regression results showed that ST-segment depression together with exercise induced chest pain were the most related factors in CAD diagnosis. Conclusion: ST-segment depression and exercise induced chest pain are the strongest factors in CAD diagnosis. Chest pain combined with ST-segment depression had a much higher accuracy rate than ST-segment depression alone.
Introduction
Exercise treadmill test (ETT) is one of the most used means in evaluation of coronary artery disease (CAD). Since the first medical treadmill designed to diagnose heart and lung disease was invented by Dr. Robert Bruce and Wayne Quinton at the University of Washington in 1952, it became the golden criteria in diagnosing CAD till coronary angiography (CAG) came out. However, it is still a very easy and comprehensive way in diagnosis of CAD. The position of ETT is going down these years by its high false positive and negative rates [1] . People are looking for more parameters that ETT can provide to increase its accuracy rate, like ST/HR slope, Duke treadmill score, QT dispersion and so on [2] [3] [4] . ST-segment depression and chest pain as the classic criteria for CAD diagnosis are well known and accepted. However, each has their own limitations. ST-segment depression is often modified by some other factors, like blood pressure, cigarettes smoking, serum cholesterol level, etc [5] . Chest pain is a subjective complaint which maybe obscured by patients own feelings. Based on what mentioned above, the false positive and negative data is inevitable. Here we questioned which one of the criteria is better in CAD diagnosis, ST-segment depression or chest pain? We reviewed the clinical records of 142 patients who received ETT before CAG to see the coincidence rate of these two examinations. Multivariate logistic regression analysis revealed that both exercise induced ST-segment depression and chest pain were strong factors in CAD diagnosis. Interestingly, we found that chest pain, which is considered subjective, seems more reliable than the objective one, ST-segment depression. The usefulness of ETT in male patients is much greater than that in female ones.
Methods

Study population
300 medical records of consecutive patients with normal resting electrocardiogram (ECG) who were admitted to our hospital and received coronary angiography between 2005 and 2009 were reviewed and 142 of them (men 104, mean age, 52.7±8.6) with complete data were enrolled. Patients were assigned into four groups: group I: ETT negative, group II: ETT positive (exercise induced ST-segment depression ≥0.1mv for more than 2 minutes), group III: ETT positive (exercise induced chest pain), group IV: ETT positive (exercise induced chest pain and ST-segment depression). On further study, they were divided into two groups by gender (GM= male group and GF=f emale group) to see the differences on ETT results between male and female patients. The data of male patients in each group was extracted and analyzed to calculate the accuracy rates among the four groups, too.
Information of Physical Examination
Blood pressure including systolic and diastolic pressure and heart rate were recorded on admission. The histories of other diseases, like hypertension, diabetes were recorded according to the narration of the patients.
Exercise Treadmill Test
Patients performed the exercise treadmill tests on a motor-driven treadmill (En Mill, Enraf Nonius BV, Rotterdam, The Netherlands), programmed for increases in angle of inclination and speed for the original Bruce protocol [6] . The target heart rate was calculated by the formula: target heart rate = (220-age) × 0.85. The 12-lead electrocardiogram (ECG) was recorded before ETT and the realtime ECG and blood pressure were monitored during the whole process of ETT. ECGs were recorded every 2 minutes since the exercise stopped till 10 minutes. The main criteria for stopping the exercise were: reaching the target heart rate, reaching 85% of the target heart rate, unreleasing chest pain or failing for fatigue.
Results meet one of the following criteria were considered positive: chest pain; visually horizontal or down-slope ST-segment depression ≥0.1 mm 80ms after J junction for 2 minutes; STsegment arcade elevation ≥0.2 mm for 1 minute or severe arrhythmias.
Coronary angiography
Coronary angiography was performed with the standard Judkins approach in all patients who gave written consent as previously discrived [7] . A total of 5-6 views or left coronary artery and three views of right coronary artery were taken. The coronary angiography was reviewed by two independent experienced cardiologists unaware of the patient's general data. Luminal stenosis was calculated as the percentage of diameter reduction in diseased segment compared to the proximal disease-free reference segment. More than 50% of stenosis in either one of three major coronary arteries including the left anterior descending artery (LAD), left circumflex artery (LCX), and right coronary artery (RCA) or their first-order branches was considered as significant for CAD.
Left Ventricular Ejection Fraction
The Vivid 7 color Doppler ultrasonic purchased from GE Healthcare (Shanghai, China) was applied for the evaluation of cardial function as previously described [8] . The left ventricular endocardial borders were recorded from the projected left ventriculogram in end systole and diastole. Ejection fraction of patients was confirmed by echocardiographic assessment.
Statistics Analysis SPSS 17.0 software was used to analyze the data, it was shown as Mean±S.D. A one-way ANOVA is used to determine differences among the group means. Differences at p<0.05 were considered significant. The accuracy rate among the groups was analyzed with the Chi-square test. Univariate and multivariate logistic regression analysis were applied to study the relationship of multiple risk factors with CAD diagnosis. 65.3±4.9 HR -heart rate, SBP -systolic blood pressure, DBP -diastolic blood pressure, TC -total cholesterol, TG -triglyceride, HDL-C -high-density lipoprotein C, LDL-C -low-density lipoprotein C, EF -eject fraction. 
Results
General characteristics of the patients
The general information of the patients was described in table 1. There were 72 patients in group I, 41 in group II, 14 in group III and 15 in group IV. Age, gender, hypertension history, diabetes history, blood lipid level and ejection fraction were recorded and shown in table 1.
Patients with chest pain and ST-segment depression during ETT are more likely to have CAD 50 out of 72 patients in group I who were not diagnosed CAD by ETT were proved to be CAD free by CAG, while the other 22 were CAD patients, which was shown in figure 1 . The accuracy rate and false negative rate were 69.4% and 30.6%, respectively. In group III, patients having chest pain alone during ETT, the ETT results were coincident with CAG in 11 patients and the other 3 were considered false positive. The accuracy rate and false positive rate were 78.6% and 21.4%, respectively. Compare to those in group II, 
M individuals
The patients of 104 male patients were detected CAD both by ETT and CAG, the accuracy rate was 70.2% which was much higher than that (50.0%) of the female patients, p<0.05 as shown in figure 3 .
strongest factors in diagnosis of CAD
The relationship of different factors studied by univariate and multivariate logistic regression analysis. As shown in table 3, the relationship of the most possible related factors, age (<55=0, ≥55=1), diabetes (no=0, yes=1), hypercholesterolemia (no=0, yes=1), ST-seg ent depression (<0.1mm=0, ≥0.1mm=1, ≥0.2mm=2), exercise induced chest pain (no=0, yes=1), fulfilled heart rate (<100bpm=1, 100-129=2, 130-159=3, 160-189=4, 189-220=5), angina history (non-cardiac chest pain=0, probable chest pain=1, typical angina=2) were analyzed by univariate logistic regression. Exercise induced ST-segment depression and chest pain were shown associate with CAD diagnosis, p=0.029 and 0.027, respectively. In the following multivariate logistic regression model, both of them still showed significant relationship with CAD diagnosis, p=0.006 and 0.004, respectively. 
Discussion
Several conclusions were made based on the present study: 1) exercise induced ST-segment depression and chest pain are the strongest predictive factors in CAD diagnosis. 2) Chest pain combined with ST-segment depression had a much higher accuracy rate than ST-segment depression alone. 3) ETT is more valuable in CAD diagnosis in male patients than in those of female.
ST-segment depression and chest pain
As the long and classically used technique, ETT has been in predominant position for years until CAG was brought up by which ETT was greatly challenged. It is no doubt that something old will be taken placed by something new. However, nowadays ETT still has considerable value in diagnosis of CAD. The other is that ETT is much easier for the patients to accept because it is noninvasive and easily applicable. However, we argue why the false negative and positive rates are so high? The most direct reason is the criteria for CAD diagnosis. As we know, the golden criteria for CAD diagnosis by ETT are: chest pain and visualized horizontal or downslope ST-segment depression ≥0.1 mm 80ms after J junction for 2 minutes. They were shown strong predictors for the mortality of male patients in long-time follow-up [9] . As an objective parameter, ST-segment depression was thought more reliable than the subjective feeling, chest pain. However, it is not the case from the view of our data. The accuracy rate of the patients having chest pain alone is 78.6%, which is much higher than the 53.7% among patients with ST-segment depression alone, though it didn't show significant difference due to sample size. If chest pain was combined with ST-segment depression, the accuracy rate was increased to 86.7% which was significant compared to ST-segment depression alone. Taking gender for consideration, we further investigated the accuracy rate in male patients as shown in table 3. Accuracy rates in male patients with chest pain alone or both chest pain and ST-segment depression were still higher than that of STsegment depression alone, 76.9% vs. 60.7% and 100% vs. 60.7%, p<0.05, which was similar to what has been reported by Starling and his colleagues [10] . All these information indicates that chest pain accompanied by ST-segment depression is a better parameter than ST-segment depression alone.
The value of ETT in diagnosis of CAD in male and female patients
The difference of the value of ETT in diagnosis of CAD in male and female patients was well known [11] . The accuracy rate of ETT in female patients was low. Since women had a much higher mortality than men [12] , ETT was not considered a sensitive way in diagnosis of CAD in female patients. In our study, we found the same phenomena that the accuracy rate in male group was much higher than that of female group, 70.2% vs. 50.0%. This number is pretty close to what has been reported in the literature, however, ETT is still the first recommendation in evaluating the severity of CAD in female patients according to the guideline [13] . Nevertheless, ETT is obviously not enough for them, so some people insist that these patients should take multi-detector computed tomography (MDCT) for further examination [14] . As for the doctors, some of them may suggest the female patients to take MDCT in the first place, but it is not right in terms of saving medical resources. So the traditional ETT may not work for the female patients, while some modified methods might be evaluated, such like spectral analysis of heart rate variability, which was reported by V.I. Gridnev et al [15] .
ETT score system for diagnosis of CAD Since the false positive and negative rates are high, some score systems were brought up in order to raise the accuracy rate of ETT. Vondi, et al brought up with a score system to evaluate STsegment depression and chest pain for diagnosis of CAD [6] . Although this system has an over 80% of accuracy rate, it still puts ST-segment depression in more important position over chest pain. We calculated the scores based on this system and our data indicated that the scores in ETT positive groups were much higher than that of ETT negative group, 37.2±7.0 vs. 56.8±7.5, 55.1±11.8 and 64.3±9.4 (data not shown). Obviously ST-segment depression had a more important position in this system, but the scores in the patients of chest pain alone and ST-segment depression alone are almost equal. From the multivariate logistic regression analysis, STsegment depression and chest pain were almost equally important. Of course, it may not be convincing due to the small sample size.
Another old score system, Duke treadmill score, seemed to well balance the ST-segment depression and chest pain [3] . However, other clinical informations, like age, lipid level or heart rate are not included. Other means, such as ST/HR slope, QT dispersion were reported to be more accurate than ST-segment depression alone [2, 4] . So probably a more comprehensive system should be developed in assessing the results of ETT.
Conclusions
Exercise induced ST-segment depression and chest pain are the strongest factors in CAD diagnosis. Chest pain combined with STsegment depression had a much higher accuracy rate than STsegment depression alone. It also shows that ETT is more valuable in CAD diagnosis in male patients than in those of female.
